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Abstract
OBJECTIVES—To evaluate whether education level is associated with change in cognitive
performance.
DESIGN—Prospective cohort study.
SETTING—The Atherosclerosis Risk in Communities (ARIC) Study, a community-based cohort.
PARTICIPANTS—Nine thousand two hundred sixty-eight ARIC participants who underwent
cognitive evaluation at least twice over a 15-year period.
MEASUREMENTS—Education was evaluated as a predictor of change in word recall, the Digit
Symbol Substitution Test (DSST), and word fluency. A random-effects linear regression model,
and a time by educational level interaction was used.
RESULTS—Educational level was highly associated with cognitive performance. The effect on
performance of a less than high school education (vs more than high school) was equivalent to the
effect of as much as 22 years of cognitive aging, but educational level was not associated with
change in cognitive performance in whites or blacks, with the exception of the DSST for whites,
in whom those with lower levels of education had less decline in scores.
CONCLUSION—Educational level was not associated with change in cognitive performance,
although the higher baseline cognitive performance of individuals with more education might
explain lower rates of dementia in more-educated individuals, because more decline would have to
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take place between baseline higher performance and time at which dementia was diagnosed in
more-educated individuals.
Keywords
education; cognition; cognitive reserve
Higher education levels have been strongly associated with lower dementia risk and better
cognitive performance in older persons on a variety of standard tests.1–3 There are two
possible interpretations; persons with more education must decline further in cognitive
performance before it is low enough to merit a dementia diagnosis or are at less risk of
cognitive decline.
Recent reviews generally suggest that higher education is indeed associated with less
cognitive decline,4,5 despite some conflicting evidence.6 The associations between education
and dementia incidence and cognitive change have implications regarding the concept of
“cognitive reserve,” which “preserves cognitive function in the face of Alzheimer’s
pathology.”7 The observed associations raise the question as to whether education, or even
stimulating cognitive activities, improves neural networks or increases synaptic density,
enhancing the ability to compensate for neuropathological changes (e.g., from amyloid
plaque deposition or cerebrovascular disease) that would otherwise promote cognitive
impairment or dementia.
A difficulty in interpreting the literature on this topic is that prior studies have had major
biases. Many studies showing that higher education is associated with less cognitive decline
adjusted for baseline test scores in their analyses, but this adjustment biases results to favor
that finding.8 Other studies used screening measures of global cognitive function, such as
the Mini-Mental State Examination (MMSE), which have known “ceiling effects” (are
insensitive to differences in cognition at higher levels of performance). Studies limited by
these biases generally have shown less cognitive decline in persons with higher education.
More-recent studies that have avoided these biases have not demonstrated a similar
association.9–12
Previous studies have also generally not adjusted for important medical factors such as
diabetes mellitus and hypertension. Unadjusted associations may not be attributable to
education itself but to the association between low education levels and more risk factors for
vascular disease. Adjusting for vascular risk factors provides an estimate of the direct
cognitive effects of education. Direct effects may indicate the important ways in which more
education or perhaps the continuing cognitive activities associated with it may preserve
cognitive abilities in persons whose brains contain vascular or Alzheimer’s-type
neuropathology.
This study analyzed the association between educational attainment and cognitive change in
the Atherosclerosis Risk in Communities (ARIC) Study from 1990 to 2006. ARIC provides
an ideal setting to examine this association while avoiding some of the biases present in
prior studies. ARIC is one of the largest community-based studies with cognitive tests
performed at several time points, and the cognitive tests studied are known to have less
“ceiling effect” than the MMSE or other screening instruments. Rigorous measurement of
vascular risk factors allowed these factors to be adjusted for, and, as recommended, the
analyses herein were not adjusted for baseline scores. Three cognitive domains are included
in the ARIC cognitive battery, and assessments took place in black and white participants in
midlife, whereas other studies of education and cognitive change have been primarily
limited to Caucasian populations and cognitive assessments later in life.9 It was
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hypothesized that higher level of educational attainment would be associated with less
decline in scores on the cognitive tests that were repeated throughout ARIC.
METHODS
Study Population
Atherosclerosis Risk in Communities is an ongoing community-based prospective cohort of
15,792 middle-aged adults from four U.S. communities: Washington County, Maryland;
Forsyth County, North Carolina; suburbs of Minneapolis, Minnesota; and Jackson,
Mississippi. A flow diagram of ARIC is shown in Figure 1. Cognitive performance was
assessed at Visit 2 (1990–1992), Visit 3 (1993– 1995), Visit 4 (1996–1998), the carotid
magnetic resonance imaging (MRI) visit (2004–2006), and the brain MRI visit (2004–2006).
All ARIC participants underwent cognitive testing at Visits 2 and 4, whereas only a
subsample of the cohort was invited to undergo cognitive testing at Visit 3 and at the brain
and carotid MRI visits. The selection for the Visit 3, brain MRI, and carotid MRI visits are
described in detail elsewhere.13–15 The Visit 3 brain MRI substudy (n = 1,920) included a
random sample of all participants aged 55 and older from Forsyth County and Jackson.14
These participants were invited for another assessment in 2004 to 2006 (the brain MRI visit,
n = 1,130).13 The carotid MRI visit (n = 2,066) used a stratified sampling plan,
oversampling carotid intimal medial thickness (IMT) to increase the prevalence of larger
plaques. 15 The selection factors for the two subsamples (carotid IMT, study center, and age)
and the other factors related to follow-up success were adjusted for. Because of the overlap
in time for the two MRI visits and the potential for practice effects for participants in both
MRI subsamples, the two MRI visits were combined into one visit, using only the first
cognitive test scores for participants who were in both MRI visit subsamples. Therefore, we
have cognitive assessments at four time points, and Visit 2 was considered baseline. Change
in cognition was examined over the 15-year follow-up period.
Of the 14,348 participants who attended the baseline visit, 42 who self-identified as other
than white or black and 667 with neurological conditions that might affect their cognitive
performance at any time during follow-up (stroke, n = 488; dementia, n = 189; multiple
sclerosis, n = 1; Parkinson’s disease, n = 1; brain tumor, n = 5; head surgery, n = 10; head
radiation, n = 3; and other neurologic disorder, n = 8, with some overlapping) were
excluded, leaving 13,639 as the population of interest. The cognitive data from individual
visits were excluded if the participant was taking medications at that time that might affect
cognitive performance (anxiolytics, hypnotics and sedatives, antipsychotics, anticonvulsants,
Parkinson’s disease medications, and dementia medications). Of the 13,639 participants in
the population of interest, 3,998 who did not undergo two or more cognitive assessments
and 373 who were missing education status or needed covariate data were excluded, leaving
a study population of 9,268 (68.0% of the population of interest). The number of these with
cognitive assessment at each visit was 9,182 at Visit 2, 1,476 at Visit 3, 8,888 at Visit 4, and
2,199 at MRI visit (Figure 1). Six thousand seven hundred twenty-three participants
underwent cognitive testing at two timepoints, 1,878 at three timepoints, and 667 at four
timepoints.
Education
Education, assessed at Visit 1 as the highest grade completed in school, was categorized as
less than high school completion, high school degree or vocational school, or more than high
school (attending or completed college or professional school).
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Measures of Cognitive Function
Three standard tests were used to assess cognitive performance: delayed word recall
(DWRT), Digit Symbol Substitution Test (DSST) from the Wechsler Adult Intelligence
Scale—Revised, and word fluency test (WFT), also known as the Controlled Oral Word
Association test, from the Multilingual Aphasia Examination. Identical protocols were used
at all visits. Trained examiners administered the tests in a fixed order during one session in a
quiet room. Examiner performance was recorded on audiotapes, which were reviewed
routinely to ensure consistency.
The DWRT is a test of verbal learning and recent memory. The participant is asked to learn
10 common nouns by using each word in two sentences. After 5 minutes, the participant is
asked to recall the nouns. The score is the number of nouns correctly recalled.16
The DSST is a test of executive function and processing speed. The participant translates
numbers to symbols using a key. The score is the number of numbers correctly translated
within 90 seconds, and the range of possible scores is 0 to 93.17
The WFT is a test of executive function and expressive language. The test includes three 1-
minute trials in which the participant is asked to generate words beginning with a particular
letter, not including proper names or places. The three letters used were F, A, and S. The
score is the total number of correct words generated in 60 seconds.18
Covariates
Covariates included in the regression models were assessed at baseline (1990–1992).
Covariates were age, sex, study site, cigarette smoking (never, former, current), diabetes
mellitus (defined as fasting glucose ≥126 mg/dL, self-reported history of diabetes mellitus
diagnosis, or use of diabetes mellitus medication), hypertension (defined as systolic blood
pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, or use of hypertension
medication), apolipoprotein (APO) E ε4 genotype (determinant of cognitive performance,19
defined using the single-nucleotide polymorphisms rs429358 and rs7412 and coded as
having 0, 1, or 2 ε4 alleles), and carotid IMT.
Statistical Analysis
Baseline means and proportions for participant characteristics were calculated separately
according to race and education level. To estimate the association between education level
and rate of cognitive decline, race-stratified random-effects (random intercept only) linear
regression models for repeated measures were used, which take into account the
intraindividual correlation of scores on repeated cognitive tests. The models included
educational level, follow-up time, interaction terms between education and follow-up time,
age, sex, study site, cigarette smoking status, diabetes mellitus, hypertension, APOE
genotype, and carotid IMT.
More than high school degree was the reference education level. The less than high school
and high school coefficients in the models reflect the differences in baseline cognitive test
score between having less than or equal to a high school education and having more than a
high school education, adjusted for other variables in the model. The education group-by-
follow-up time interaction terms, the coefficients of interest, test the null hypothesis of no
difference in cognitive test score change over time between education groups.
To determine whether the associations differed in older participants, the models were
restricted to include only the test scores of the 1,958 participants who were tested on two or
more occasions after they had reached age 65. In addition, to reduce the effect of possible
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floor effects, analyses were repeated after excluding those with the lowest 5% of baseline
scores in each race category. Regression models were also used to compare baseline
cognitive test scores between individuals seen in 2004 to 2006 and those seen only at the
earlier visits.
All P-values are two-sided, and P < .05 was considered statistically significant. Analyses
used Stata Version 11 S (StataCorp., College Station, TX).20
RESULTS
Characteristics of Participants
Characteristics of the study population are displayed in Table 1. Women comprised the
majority (54%). Approximately 20% were black and 80% were white. Unadjusted cognitive
test scores were lowest for individuals with lower educational attainment and highest for
individuals with more than a high school education, for all tests and all visits.
Practice Effects
When performance over sequential visits was compared using the 234 individuals who were
tested twice in 2004–2006, only the DWRT demonstrated significant improvement, with a
difference of 0.53 words (paired t-test P < .0001). Performance on the DSST declined
slightly (mean change = −1.99 points, P < .0001), and WFT performance improved
minimally (mean change = 0.28 words, P = .5). Based on this evidence of possible practice
effect in individuals tested at both the carotid and brain MRI visits, we chose to use the test
results from just the earlier of the two 2004–2006 visits.
Baseline Cognition and Cognitive Change
From the fitted model, education level was associated with substantial differences in
baseline cognitive scores. For example, on the DSST, white participants with less than a
high school education scored 11.84 points lower at baseline, and those with a high school or
vocational school education, 4.55 points lower than those with more than a high school
education (Table 2). This net difference of 11.84 points is large relative to the mean baseline
score of 53.8 points for greater than high school–educated whites (Table 1). That baseline
difference in score is large also relative to the statistically significant but small annual
decline in score (0.540 per year in whites, Table 2). Education-related differences in
baseline score were consistent in direction, significant for all cognitive tests, similar in
blacks and whites, and large relative to the modest annual declines in scores for each test.
However, neither black nor white participants had significant associations of level of
education with change in cognitive performance (Table 2) with one exception: the
interaction on the DSST in white participants indicating a slightly smaller decrement in
cognitive score per year in individuals with lower educational attainment. Table 2 shows a
mean annual change of −0.540 in those with greater than a high school education. The
annual change in those with a less than high school education is estimated to be −0.429
(equal to −0.540 +0.111). The small size of the difference in the degree of decline is seen in
Figure 2 (using data only from participants who were tested both at visit 2 and the MRI
visit) where the dotted lines demonstrate similar slopes across these two visits, despite a
significant interaction.
Secondary Analyses
A secondary analysis included persons only after they reached age 65. Results were similar
to our primary analyses: the only significant education X time interaction term was for the
DSST test in whites (P = .0005), indicating, in this smaller population, again slightly
reduced decline in individuals with lower levels of education.
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An additional secondary analysis excluded individuals with the lowest 5% of baseline test
scores within each race category. Changes from our primary analysis were minimal,
although the excluded persons appeared to be concentrated largely in the lowest education
stratum, and therefore, the decline in that group was steeper (not shown). In addition, blacks
with a less than high school education showed a slightly greater decline on the DWRT (β =
−0.021, vs −0.014 before the exclusion) than those with greater than a high school
education, and this became nominally significant (P = .03).
We saw no evidence that participants followed through 2004–2006 were meaningfully
different cognitively than those seen only at the earlier exams. Adjusting for the same
covariates as in our final model, baseline scores for those individuals who were seen in
2004–2006 did not differ significantly from the scores of those who were seen only at the
earlier visits (participants who were seen in 2004–2006: DWRT whites = 8.34, DWRT
blacks = 8.27, DSST whites = 58.9, DSST blacks = 50.6, WFT whites = 24.6, WFT blacks =
22.9; participants who were not seen in 2004–2006: DWRT whites = 8.31, DWRT blacks =
8.12, DSST whites = 59.0, DSST blacks = 49.6, WFT whites = 24.3, WFT blacks =
22.3).We also compared demographic and health-related factors between participants who
had two cognitive assessments with those who had three or four assessments (Table S1).
Participants with three or four cognitive assessments differed on factors that were used for
selection into the Brain MRI or Carotid MRI subsamples (older age, greater carotid IMT)
and were more likely to be female and to have less than high school education compared to
those with two cognitive assessments, but our analyses adjust for these factors, likely
reducing much of the bias associated with them.
DISCUSSION
This analysis of a community-based population demonstrates that level of educational
attainment was not associated with decline in cognitive performance over time, in either
black or white adults or in adults after attaining the age of 65 years. The only exception was
for the DSST test, for which white participants with lower education appeared to have less
decline. Our results are consistent with previous studies demonstrating much higher baseline
cognitive performance among individuals with higher educational attainment.
The results indicate that the associations between education and baseline cognitive
performance are strong, with effect sizes consistently larger than declines associated with
the normal aging process. For instance, for whites, on the DSST, the difference in baseline
score between individuals with more than a high school education and those with less than a
high school education is equivalent to the difference in scores associated with more than a
22-year difference in age (calculated by dividing the coefficient for lower education
(−11.84) by the coefficient for 1 year of time (−0.540). It is difficult to imagine any
intervention or preventive strategy that could result in a cognitive improvement of this
magnitude, although these results must be considered carefully, because it is likely that
cultural and many other factors, some of which may not have been adequately adjusted for
in the present study, affect baseline score. Nevertheless, less confounding is expected when
investigating change than an analysis of baseline score, because many factors that affect
cognitive performance (e.g., race, neighborhood, education) are relatively stable over time.
Although not examined here, dementia incidence rates appear to be higher in individuals
with less education or with lower cognitive abilities in youth, as reported by many
epidemiological studies.1–3 The fact that, in the current study, educational level did not
appear to predict cognitive decline suggests that the association between higher education
and lower dementia risk may not be due to its association with less cognitive decline.
Instead, it may be due to the association between education and “cognitive reserve,” a
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concept used to explain why individuals with an equivalent degree of Alzheimer’s
neuropathology or cerebrovascular injury, for instance, might have different clinical
manifestations of disease.21 The results demonstrate that individuals with more education
start at a higher cognitive level (substantially higher baseline cognitive scores); they are
therefore likely to take much longer to decline enough cognitively to meet a threshold at
which point dementia would be diagnosed.
Although the model, which adjusts for smoking, diabetes mellitus, and hypertension, could
in theory be adjusting for mediators, it addresses an important question: whether education
relates to cognitive change through what might be called “cognitive processes” as opposed
to risk factor–mediated vascular processes. In other words, aside from its potential influence
on risk factors, is higher education associated with the kind of life that protects persons from
cognitive decline because of the intellectual activities they tend to undertake?
If education is not a means by which cognitive decline is actually slowed, techniques and
approaches to improve knowledge and provide cognitive stimulation (e.g., an active social
life or even performing crossword puzzles) may have no effect on rate of cognitive decline.
Although the data do not specifically support or negate any effects of these forms of
cognitive stimulation, it could be hypothesized that these activities might improve cognitive
performance at the time they are undertaken and therefore increase the difference between
an individual’s score and the threshold of scores below which dementia might be diagnosed,
thus lengthening the time interval before dementia is found.
These findings support those that others have recently published in which education is not
associated with decline in cognition.9–12 The current study benefited from a cognitive
battery covering three domains, the availability of data from blacks and whites, and
cognitive scores first obtained at midlife before substantial age-related impairments appear.
Although other recently published studies have avoided the bias described previously8
(adjustment for baseline cognitive function can induce a spurious statistical association
between education and cognitive change) by not adjusting for baseline cognitive status, they
have other limitations. In one study of civil servants with repeat cognitive assessment over a
10-year period, including from midlife, education was associated with baseline scores but
not cognitive change; there were no black participants in this study and few were female.9
The Cambridge City over 75s Cohort Study found similar associations but without any data
on black participants and with a limited cognitive battery (MMSE alone).10 Two studies,
with biethnic populations, studied composite global cognitive scores, which are unlikely to
be affected by “ceiling effects,” but the Chicago Health and Aging Project8 provided results
only for the global score, and the Asset and Health Dynamics among the Oldest Old Study12
provided results for the global and a composite recall score, but no other domains.
The current study was limited by having only one test for each cognitive domain. In
addition, only 1,617 individuals had very low levels of education (17.5% of the population
with < high school education, with even fewer having only fifth grade or less). If very low
levels of education are associated with cognitive decline, this would have been missed in the
analyses. In addition, any association between early cognitive abilities and the subsequent
acquisition of more education may cloud all studies of the influence of education on late-life
cognitive abilities. Another limitation is the potential lack of correspondence between
cognitive scores and the latent cognitive abilities they are meant to measure.22
This study suggests that educational level, although of apparent importance in establishing
baseline cognitive performance, is not associated with decline in cognitive function over
time. These findings were consistent in black and white participants and in a subset of the
oldest participants. These findings may help to understand the longdebated idea of
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“cognitive reserve,” which is expected to protect cognition in the face of brain disease. The
findings may be relevant to cognitive interventions or preventive strategies designed to
enhance that protection. Clinical trials may be needed to evaluate interventions such as
training in memory or executive function, for which small trials have suggested a beneficial
role.23 Can a course of such training substantially boost relevant cognitive abilities, as the
baseline effects of long-ago completed education the current study and others have observed
may suggest, so that decline to dementia takes longer?
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Atherosclerosis Risk in Communities Study flow diagram. MRI = magnetic resonance
imaging.
Schneider et al. Page 10














Mean (95% confidence interval) raw Digit Symbol Substitution Test (DSST) scores for
whites at Visit 2 and the magnetic resonance imaging (MRI) visit according to educational
level. Figure represents participants who underwent cognitive assessment at Visit 2 and the
MRI Visit: <high school (n = 180), high school (n = 714), >high school (n = 650).
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Table 2
Coefficients for Raw Cognitive Test Scores According to Race, Education Level, and Change over Time
Factor
Delayed Word Recall Test Digit Symbol Substitution Test Word Fluency Test
β (Standard Error)
Whites, n = 7,422
 <High school −0.67 (0.05) b −11.84 (0.35)b −12.71 (0.41)b
 High school or equivalent −0.28 (0.03)b −4.55 (0.23)b −6.92 (0.28)b
 Time −0.034 (0.003)b −0.540 (0.014)b −0.106 (0.017)b
 <High school by time interaction 0.010 (0.007) 0.111 (0.029)b 0.013 (0.035)
 High school or equivalent by time interaction 0.001 (0.004) 0.025 (0.019) 0.044 (0.024)
Blacks, n = 1,846
 <High school −0.74 (0.08)b −15.19 (0.56)b −16.63 (0.61)b
 High school or equivalent −0.28 (0.08)a −7.81 (0.57)b −9.39 (0.61)b
 Time −0.040 (0.006)b −0.334 (0.031)b −0.206 (0.030)b
 <High school by time interaction −0.014 (0.010) 0.060 (0.047) 0.018 (0.045)
 High school or equivalent by time interaction −0.014 (0.010) −0.004 (0.050) 0.045 (0.047)
Model is adjusted for age, gender, cigarette smoking, diabetes, hypertension, APOE ε4 genotype, and carotid intimal medial thickness. Reference
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